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HIGH POWER SEMICONDUCTOR LASER of the waveguide and clad regions are such that an overlap- 

DIODE ping of the optical mode generating in the waveguide region 

into the clad regions is no greater than about 5%. 

The present invention is directed to a semiconductor 

laser diode having increased output power, and, more 5 BRIEF DESCRIPTION OF THE DRAWING 

particularly, to a high power semiconductor laser diode pj^. ^ ^ perspective view of a basic semiconductor 

havmg an enlarged waveguide. l^^^ ^^^^ ^^.^^ incorporates the present invention; 

BACKGROUND OF THE INVENTION FIG. 2 is a representation of a separate confinement 

beteroslructure (SCH) laser diode which can incorporate the 

A semiconductor laser diode basically comprises a body present invention; 

of a semiconductor material or materials having a t-t^ ^ ♦ ' . c . j o/^n i j j 

. , . J , J . . . 1 i? FIG. 3 IS a representation of a stepped SCH laser diode 

wavegiude region and a clad region on each side of the ... • .1 . *u . • j 

-J . «,%u- J • • which can incorporate the present mvention: and 

waveguide region. Withm the waveguide region is a region, . . 

such as a quantum well region, in which photons are ^ * representation of a GRIN-SCH form of laser 

generated when the diode is properly biased by and electri- ^^^de which can incorporate the present invention, 
cal current. The clad regions are doped to be of opposite 
conductivity type and are of a material having a lower 

refractive index than the material of the waveguide region so Referring initially to FIG. 1, a semiconductor laser diode 

as to attempt to confine the photons to the waveguide region. which incorporates the present invention is generally des- 

In the design of laser diodes heretofore made and known ignated as 10. Laser diode 10 comprises a body 12 of a 

to those skilled in the art as being of optimum design, the semiconductor material or materials having a boUom surface 

thickness of the waveguide region was limited in extent, 14, top surface 16, end surfaces 18 and side surfaces 20. The 

usually to be in the order of 0.2 to 0.3 micrometers (urn), so body 12 includes a waveguide region 22 extending there- 
as to achieve a minimization of the threshold current. To 25 across. Within the waveguide region 22 is an active region 

achieve the minimization of the threshold current, a sub- 24 in which photons are generated when an appropriate 

stantial overlapping of the optical mode generated in the electrical bias is placed across the diode 10. The active 

waveguide region into the adjacent doped regions, such as region 24 may be of any structure well known in the laser 

the dad regions, occurred. Although a major portion of the diode art which is capable of generating photons. Preferably, 
optical mode generated in the waveguide region remains and ^ the active region 24 comprises one or more quantum wells, 

travels along the waveguide region, a portion of the optical The waveguide region 22 includes layers 26 on each side of 

mode at each end thereof extends into, i.e., overlaps into, the the active region 24 which are of undoped semiconductor 

regions of the diode adjacent the waveguide region. This material having a doping level of no greater than about 

typically results in undesirable optical propagation losses. 5x10 atoms/cm . 

The propagation loss in a clad region contributes to the ^5 On each side of the waveguide region 22 is a separate clad 

propagation loss of the lasing mode to the extent of the region 28 and 30. The clad regions 28 and 30 are layers of 

propagation loss of said clad region multiplied by the a semiconductor material of a composition which has a 

overlap factor of the clad region by the lasing mode. The lower refractive index than the materials of the layers 26 of 

overlap factor of a clad region is the proportion of photons the waveguide region 22. Also, the clad regions 28 and 30 

which are carried in the clad region. Throughout this speci- are at least partially doped to be of opposite conductivity 

fication the term "propagation loss" means the propagation type. The doping level in the clad regions 28 and 30 are 

loss of the lasing mode. Thus, the overall efiScicncy of the typically between about 5xlO^^/cm^ and 2xlO^^/cm^. For 

device is reduced, thereby limiting directly and indirectly example, the clad region 28 between the waveguide region 

the output power capability of the device. Another constant 22 and the top surface 16 of the body 12 may be of P-type 

on typical semiconductor laser diodes heretofore made has conductivity and the clad region 30 between the waveguide 

been the length of the diode, i.e., the distance between its region 22 and the bottom surface 14 of the body 12 may be 

ends. The longer the laser diode, the lower the thermal and of N-type conductivity. 

electrical resistance of the diode and therefore, in general, a contact layer 32 of a conductive material, such as a 

the larger the output power. However, because of the lower metal, is on and in ohmic contact with the P-type conduc- 

efficiency resulting from the propagation losses, the length tivily clad region 28. The contact layer 32 is in the form of 

of the laser diode has been limited. a strip which extends between the end surfaces 18 of the 

High efficiency, high power lasers have long been pursued body 12 and is narrower than the width of the body 12, i.e., 

for such applications as optical pumping of solid state and the distance between the side surfaces 20 of the body 12. A 

fiber laser, direct material processing, printing, contact layer 34 of a conductive material, such as a metal, is 
communications, sensing, etc. Therefore, it would be desir- 55 on and in ohmic contact with the N-type conductivity clad 

able to improve the efiSciency and reduce the losses of such region 30. The contact layer 34 extends across the entire area 

laser diodes so as to increase the output power of the of the bottom surface 14 of the body 12. 

devices. In (jj^ laser diode 10 to achieve the higher eflBciency and 

SUMMARY OF THE INVENTION "^"f the higher output power, the thickness of the waveguide 

60 region 22 and the composition of the waveguide region 22 

A semiconductor laser diode formed of a body of a and the clad regions 28 and 30 must be such that the optical 

semiconductor material. The body includes a waveguide mode generated by the active region 24 does not overlap 

region which is not intentionally doped and having therein from the waveguide region 22 into the clad regions 28 and 

means for generating photons. A separate clad region is on 30 by more than 5%, and preferably by not more than 2%. 
each side of the waveguide region and the clad regions are 65 However, the amount of overlap of the photons into the clad 

at least partially doped to be of opposite conductivity types. regions 28 and 30 need not be less than 1%. This means that 

The thickness of the waveguide region and the composition the amount of the optical mode, which is mainly in the 
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waveguide region 22, that extends into (overlaps) the clad having the 0.7 thick waveguide region 50. Output powers of 

regions 28 and 30 is no greater than about 5% of the total 4.6 W, CW and 6.8 W, quasi-CW at wavelengths of 1.42 to 

optical mode. To achieve this, the thickness of the l.S foa were obtained from these laser diodes 48. 

waveguide region diould be at least 500 nanometers (nm) Referring to FIG. 4, stUl another form of a laser diode 
and the compoation of the waveguide region 22 and the clad 5 incorporating the present invention is schematicaUy shown 

xegions 28 and 30 should be such that the refractive index of ^^^^3,, designated as 62. Laser diode 62 has a 

the legions provides the confinement of the optica mode in region 64 in which is a quantum well region 66. 

the wavegu.de region 22 to the extent that the overlap of the ^^^^ ^^^^^ ^ confinement 

optical mode mto the clad regions 28 and 30 is not greater ^ gg „ of N-type and P-type 
than 5%^The various regions of the body 12 may be made jq conductivity are at opposite sides of the waveguide region 

of any of the well known semiconductor materials used for ^ confinement regions 68 are of 

making laser diode, such as but not lunited to gallium ^ ^^^^^.^ composition is graded to provided a graded 

arsenide, a lummum galhum arsenide, indium phosphide, gap. Although the laser diode 62 is shown with a single 

mdium gaUium arsenide and such quaternary materials as ^^j, ^ ^^^^ ^ ,^ ^^^^ 

mdmm, galhum arsemde phosphide. However, the malenals ^^^^^ ^^^^^ ^ ^^^^^ ^ 

used for the various regions must have refractive indices ^^^^ ^ ^^^^^ i„ P,q 3 

which provide the desired confinement or the optical mode. , ■ • , , , , 

The clad regions 28 and 30 may be doped uniformly ^.^"^ ^^^^ is provided by the present invention a laser 

throughout their thickness or may be graded with little or no ^'°<^ having a thicker waveguide region, at least 500 nm in 

doping at their junction with the waveguide region 22 and |h>ckness, and which has a small overlap of Ihe optical mode 

the heaviestdoping at the respective surface ofthe body 12. ^^.f""^ ^I^Sions, no greater than bout S% Since the 

r» r • . T-T-ri ^ .i. • i. 11 u wavegiiide region is not mtentionally doped, it has a small 

Referrmg to FIG. 2 there is schematicaUy shown one ^^^^^^ ^^^^^^^^ .^siSi^noc. so that the optical mode 

form 36 of a laser diode m accordance with the present , , . . , . . ,.,,1 ^. , 

- J- J ■ • -I • . . . 1 can travel through the waveguide region with little optical 

invention. Laser diode 36 IS similar in structure to the laser , e- 1 n * • 1 a 1 

... . . < J- 1 J -J loss. Since only a small portion of the Optical mode overlaps 

diode 10 shown in FIG. 1 and includes a waveguide region 95 •♦♦u uuiJ^ij ♦ uuu 

L • • -1 . 11 • ^« r into the more highly doped clad regions, which have a 

38 having therein a single quantum well region 40 of . 1 ^ 1 * • 1 • . *u ♦ 1 n 

, 1 1 >^ A 1 « r * 1 A'y c greater thermal and electrical resistance, there is only a small 

undoped In-oOaooAs and a separate confinement layer 42 of »• 1 1 • .u 1 j o- .11 

J J A u J c 1 11 optical loss m the clad regions. Since the optical losses are 

undoped Al^oGaToAs on each side of the quantum well .^^ *i.j-u . ixr- j 

• At\ A T> / J *• 1 J ' AA ' lower, the device has a greater efficiency and a greater 

region 40. A P-type conductivity clad region 44 is on one , * * 1 jj *- *u 1 a- a c 

A c.u 'A A XT * A optical power output. In addition, the laser diode of the 

side of the waveguide region 38 and an N-type conductivity -in ^ ^ - . -a 1 . • r 

, , . . .J c.u 'A ■ present invention provides a larger area spot size of the 

clad region 46 is on the other side of the waveguide region ... j . -.n. f . • j .1. a . .l. 

locuf.u 1 A A A A A£ TAi^ A emitted oeam. liie largcr spot sizc rcduccs thc damage to the 

38. Each of the clad regions 44 and 46 arc of Al^nGa^^As. ^ e X. ^ a' a . • i_ 

ALU u .u 1 J- J • u u ? -1 emitting surface of the laser diode so as to mcrease the 

Although the laser diode 36 is shown as having only a single c t j- j t jjv 1 

. „ . . 1 i T / . operating nfetime of the laser diode. In addition, the laser 

quantum well region 40, it may have a plurality of quantum j. j f .1. . - i_ j 1 

^ , r. J 1. u • diode of the present invention can be made longer, i.e., 

well regions which are spaced apart by barrier regions as IS 15 , r^s mi* . 1 o* • t / 

« I . , J. J '^^ * lengtbsof 2 millimeters or longer. Since there IS lower losses 

well known in the laser diode art. • 1 j 1. j 1 . ^ 

„ ^ . ^ . ^ . , , . in the laser diode it can be made longer to provide greater 

Referrmg to FIG 3, another form of the laser diode in Furthemioie. although the laser diode shown 

accordanos with the presem invention is schcrnatically ^^^bed is of a separate confinement quantum well 

shown and generally desi^atcd 48. Laser diode 48 com- j, ^^^^^ ^e understood that the present invention 

pnses a waveguide region 50 having therein three quantum 40 ^e used in laser diodes of any of the well known 

well re^ons 52 of InGaAsP and spaced apart by barrier ^^^^ 3, j^j^^^j ^aveguiding ridge structures, bur- 

regiODS 54 of InGaAsP having a bandgap of 1.0 eV At each -^^ structures, gain-guided structures, distributed feedback 

side of the quantuin weU regions 52 are inner confinement si^^tures, distributed Bragg reflector structures, etc. 

layers 56 also of InGaAsP having a bandgap of 1.0 eV. ^ claimed is 
Adjacent each of the inner confinement layers 56 is an outer 45 j ^ semiconductor laser diode comprising: 

confinement layer 58 of InGaAsP having a bandgap of 1.13 ^ . r ■ a . . • i u • • 

eV. Adjacent the outer confinement layers 58 are clad " semiconductor material having therein a 

regions 60 and 62 of InP which are doped N-type and P-type wavegu.de region which is not intentionally doped and 

respectively. The clad regions 60 and 62 are doped to a level ^^ich is of a material which substantially confines 

of between 5xlO"/cm^ and 2xl0''/cm^ TTie N-type clad 50 f^"*""" ^^'^'^ ""^ """^^ ^^"^"^ 
region 60 is doped uniformly throughout its thickness, but 

the P-type clad region 62 may have a graded doping from a ^^^^ ^'^^^^ waveguide region for generating an 

lowest level at the interface with the outer confinement layer ^P^^'^^^ ^^^^ photons; and 

58 to a highest level at its surface. a clad region on each side of the waveguide region, the 

User diodes 48 were made with the quantum well regions 55 ^lad regions being at least partially doped to be of 

52 being of a thickness of 4.5 nm, and the barrier regions opposite conductivity type; 

being of a thickness of 16 nm. The inner confinement layers said photon generating means being thinner than the 

56 were of a thickness of 30 nm. In one laser diode 48 the thickness of the waveguide region and being spaced 

outer confinement layers were of a thickness of 300 nm. and from the clad layers; 

in another laser diode 48 the outer confinement layers were 60 the thickness of the waveguide region and the composi- 

of a thickness of 600 nm. This provided laser diodes 48 in tion of the waveguide and clad regions being such that 

which the total thickness of the waveguide regions 50 were an overlapping of the optical mode generated in the 

0.7 and 1.3 fim respectively. When tested the laser diodes waveguide region into the clad regions is not greater 

were found to have an increasing efficiency with increased than about 5%. 

thickness, 'llie laser diode 48 having the 1.3 thick 65 2. llie semiconductor laser diode of claim 1 in which the 

waveguide region 50 had an efficiency 1.3 time higher and waveguide region is of a thickness of at least 500 nanom- 

threshold currents 10-20% lower than the laser diode 48 elers. 



